Laser-induced breakdown spectroscopy (LIBS) of pharmaceutical drugs that contain 15 paracetamol is investigated in air and argon atmospheres. Characteristic neutral and ionic spectral 16 lines of various elements and molecular signatures of CN violet and C2 Swan band systems are 17 observed. The relative hardness of all drug samples is measured as well. Principal component 18 analysis, a multivariate method, is applied in data analysis for demarcation purposes of the drug 19 samples. The CN violet and C2 Swan spectral radiances are investigated for evaluation of possible 20 correlation of the chemical and molecular structures of the pharmaceuticals. Complementary 21 Raman and Fourier-transform-infra-red spectroscopies are used record molecular spectra of the 22 drug samples. The applicationof the above techniques for the drug screening are important for 23 identification and mitigation of drugs that reveal additives that may cause adverse side-effects. 24 Principal Component analysis, Raman Spectroscopy, Fourier-Transform-infra-red spectroscopy 26 27 31 medications for sustenance of human health [2]. However, routine use of PCM may cause 32 complications that could potentially cause liver damage, and simultaneously, a decrease of pain 33 thresholds [2]. The pharmaceuticals would serve their intended purpose only if they are free from 34 impurity or other interference that might be harmful for human health. In addition, various chemical 35 and instrumental methods are regularly introduced in the pharmaceutical drug industry for 36 evaluation of drug contra-indications and effects on the human body [1-2]. 37 At present, various laser-based approaches are available for the elemental analysis of solids, 38 liquids, gases, and heterogeneous biological matrices including drug samples, but fast and cost-39 effective techniques are vital in manufacturing [3-4]. During the last few decades, laser-induced 40 breakdown spectroscopy (LIBS) has been successful as a reliable, first-choice spectroscopy and 41 analytical technique in various fields of applications [5-9]. The recent studies reveal that LIBS can be 42 an efficient tool for rapid identification and quantification of drug's elemental composition [7-10].
Introduction 28
Paracetamol (PCM) is a medication that is frequently used for the relief of mild to moderate pain 29 and fever experienced by people of all ages [1] . It is also registered in the model list of essential 30 medicines published by the World Health Organization (WHO) that communicates most important 3 of 13 been recorded in argon atmosphere. The experiments reveal CN and C2 bands in LIBS spectra of drug 91 recorded in argon atmosphere. This confirms that the origin of CN band in the LIBS spectra of the 92 drug is likely due to recombination of native carbon-carbon and carbon-nitrogen in the laser-induced 93 plasma of the drug (Figures 1(b) , 2 (b) and 3(a)).
94
The LIBS spectra of the investigated drugs contain Δν=0 and Δν=1 sequence of CN and C2 band 95 systems. Figure 2(a) shows presence of CN violet band system in argon atmosphere at 388.2, 387.0, 96 386.1, 385.4, and 385 .0 nm corresponding to (0,0), (1,1), (2,2), (3,3) and (4,4) vibrational transitions, 97 respectively, appeared in S1-S5 sample, but these bands are absent in sample S6 [26] . Similarly, Fig.   98 3(a) reveals that the spectral peaks of C2 Swan band system are observed in S1-S6 sample at 516.4 nm 99 and 512.8 nm corresponding to (0,0) and (1,1) bands. In addition to (0,0) and (1,1) vibrational bands 100 of C2, the molecular bands at 471.5, 469.7, 468.4, and 467 .8 nm correspond to the (2,1), (3,2), (4,3), (5,4) 101 bands [22] .
102
If there are no C-C, or C=C bonds in the molecular structure of the sample, then C2 bands will 103 not be observed in the LIBS spectra of samples [15] . Therefore, to predict the signature of the molecule 104 in the sample, the strongest emission bands of C2 (0,0) system at 516.4 nm and CN (0,0) system at 105 388.32 nm are included in calculations, rather than using a carbon line. An analysis of these bands 106 that are recorded with sufficient spectral resolution contains information about the molecule, i.e., it 107 establishes the signature of the molecule present in the sample as described in Table 1 .
108
The variation observed in the spectral intensity of CN and C2 bands in the LIBS spectra 109 represents the presence of different kinds of molecules in the matrix of pharmaceutical samples. In 110 addition to this, with the help of the reported molecular formula of the drugs, the carbon and nitrogen 111 percentages are calculated and correlated with the CN and C2 vibrational band intensities present in 112 the LIBS spectra of corresponding drugs (Table 1) . Peer-reviewed version available at Atoms 2019, 7, ; doi:10.3390/atoms7030071 Intensities of (0,0) band of C2 band present in LIBS spectra of drugs. The interference-free emission line of calcium has been taken for the calculation of intensity ratio.
149
The measurement is repeated for the ratio of ionic lines, to neutral lines of magnesium observed in 150 LIBS spectra of the drugs belonging to different brands and the results are shown in Fig. 4 (a) & 4 (b) .
151
It is observed that the ratio changes with respect to the sample and calculated data suggest that The LIBS spectra of the samples S1-S6 are shown in Fig. 1 (a) . Qualitatively, it is clear from Fig.1 recorded for each brand of the sample and these data are included for the PCA analysis. Apparent 178 clustering of each brand sample can be noticed in Figure 5 that shows obvious differences between 179 six groups of drug samples. The sample of S1 (blue data), S2 (red data), S3 (dark green data), S4 (black 180 data), S5 (light green data) and S6 (brown data) in Fig. 5 are color-coded. The samples S4 and S5 are 181 closely clustered to each other which indicates that both the sample may have common compositions.
182
This is also mentioned in Table 1 that S4 and S5 have almost similar compositions. The discrimination 183 observed in PCA score plots for data recorded in ambient air is close to that in the argon atmosphere.
184
The analysis shows that information extracted from PCA allows significant classification of the drugs 185 in-spite of having nearly similar compositions. Table 2 ) which confirms the similar functional group of the samples. respectively. Absorption bands at 2955 cm -1 represents C-H stretching whereas 1422, & 1380 cm -1 were 210 assigned to C-H bending, and vibrational peaks at 780 cm -1 represent fingerprint stretching of C-Cl.
211
Furthermore, Raman peaks at wavenumber 1712, 935 and 780 cm -1 are not observed in FT-IR spectra 212 of sample S1. The presence of these additional vibrational peaks represents the signature of additional 213 functional group, i.e., diclofenac sodium in sample S3 [28] . 
216
Thus, our present molecular study infers that molecular study from LIBS technique 217 confirms the presence of different molecules in sample S1-S6, which stems from complementary 218 analysis for Raman and FT-IR spectroscopy. One can conclude that LIBS allows one to study
